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LIFE HISTORY AMD PATHOGEKICITY OP 
FER0H05P0RA SCHAOHTII PUCKEL 
OS BEETS (BETA VULGARIS L.) 
IHTRODUCTIOB 
The downy mildew, Peronospora schachtii Puckelj^  on Beta 
vulgaris L. haa been Icnovm in Europe since 1852 but was not 
observed in this country until 1911. Because of the supposed 
minor importance of this disease no extensive studies of its 
prevalence and distribution were mde in America until last 
year when an epidemic of this fungus destroyed over forty per 
cent of the seed crop of the garden beet in central California. 
Investigations showed that, although this disease has 
been known more than three-quarters of a centu3?y in Europe^  
comparatively little information was available regarding 
certain phases of the disease. Therefore, the pathogen© was 
studied in regard to its life history, its host range, and 
the relation of environment to its attack. 
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THE DISEASE 
OccuT'Ji'enoe 
•mo dovmy mildew on Beta vulgaris was distributed as 
Peronospora schachtli by Puckel (16) in 1865 and a description 
was published by the same author (17) in 1869. In 1872, Kuhn 
(24, 25) presented a careful and accurate description of tho 
macroscopic and siicroscopic syc^ toins of the disease under the 
naise P* betae* He stated that he first observed downy mildew 
of the beet in 1854 and that Schacht had observed the same 
disease sporadically in the years 1859 to 1861* The oospore 
stage of the , causal fungus was not observed by Kuhn (24) but 
he reported that, by means of repeated experiments, he had 
determined that P» schachtii overwintered as mycelium within 
the crown of the seed beets« 
Prillieux (33) reported that downy mildew of the beet was 
first observed in France in 185S« He (32) first observed 
oospores of Peronospora schachtii in the loaves of diseased 
plants in 1882 and concluded that the fungus overwintered 
chiefly by means of these spores, ra.ther than hibernating 
mycelium as suggested by Kuhn (24). 
In England this disease was bs'iefly studied in 1926 by 
Salmon and Ware (36), who verified the presence of the mycelium 
within the beet crown, as sliown by Kuhn (24), but were umble 
to finjd oospores. According to these authors, the first 
i: I 
J: 
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authentic report of the presence of Peronospora schaehtii in 
England was in 1921, but Biffin (9) reported P, schachtii on 
mangels in England in 1913. 
The first report of this disease in tlie United States was 
hy Smith and Sndth (38) in 1911, who found infected sugar 
"beets occurring to a liioited extent in the coastal districts 
of California, Other reports from the same state have been 
Bjade to the Federal Plant Disease Survey. Benael (7) first 
recorded a sever© outbreak of Peronospora schaehtii on sugar 
beets in the Santa Clara Valley in 1927 and to a less extent 
in the Sacramento Valley the saane year# He found from one to 
66 per cent of the plants infected and correlated the percentage 
of infection with the dat^ s of planting and weather conditions. 
A similar outbreak, but of less intensity, occurred in 1925 in 
the same locality. 
The only authentic report of Peronospora schachtii in 
other parts of the United States is that of a single infected 
plant of Beta vulgaris collected in Hew York State on Long 
Island in 1917 and identified by H, S, Jackson (established 
through personal correspondence in 1939 with Dr, Charles Chupp, 
Cornell University, Ithaca, New York), Qhm&mi (19) states 
that this fungus has also been collected in Hew Jersey and 
Minnesota, Comoiunications from Dr. W,H. Martin of Hew Jersey 
and Dr, E.K. Pr[eeiifflLn of ISinnesota established the fact that 
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there are no records of the collection of Peronospora schachtll 
in either state. 
The geographic distribution of Peronospora sohachtll^ in 
so far as the vrriter has been able to detensine, is as follows; 
Argentine, Belgiuta, Czecho-Slovakia, Denmark, Egypt, England, 
Prance, Gemiany, Italy, Japan, Palestine, Russia, Sweden, 
Switzerland, and United States (California and Hew York). 
Symptoms 
The disease exhibits several rather distinct stages of 
development, depending on the age and maturity of the host 
and probably on the ecological ccnditiona as well. Symptoms 
of Peronospora sehadhtil infection on both young and old 
rosette leaves have been described by Ktihn (24) and Prillletix 
(32). Salmon and Ware (36) and Hollrung (22) described, in 
addition, the gross macroscopic symptoms of P* aohachtii on 
the inflorescence* The symptoms on cotyledons of beet seed­
lings and on individual floral parts have not previously been 
reported. 
Vihen seedlings are infected while still in the cotyledon 
stage, the affected portions assume a color soroev/hat lighter 
than is normal for the variety, and the entire cotyledon 
usually curls downward (Pig# 1). Under humid conditions, a 
heavy coating of conidiophores and conidla appear on the upper 
as well as Oh the lower surface of the infected cotyledon and 
Seedlings of Beta vul^^^aris, showing curling 
of the cotyledbna caused by conldial infec­
tion of Peronoapora schachtii> 
\ 
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and the yotmg plants usually die from the effects of the 
disease. Cotyledon infection was readily produced by spray­
ing with a conidial suspension under artificial conditions 
but has rarely been obser-ved in field plantings, 
A second type of infection occurs on the older leaves of 
the plants and presumably originates from air-bome conidia. 
"The disease in tiiis case manifests itself by isolated or some-
times coalescing spots of irregular shape, ranging in size 
from one to four centimeters in diameter (Pig. 2B), These 
spots are differentiated from the healthy tissue by the lighter 
green color of the upper surface of the leaf and by the heavy 
coating of mildew fructification on the lower surface (Pig. 
2A). In this stage, Feronospora schachtii on Beta vulgaris 
bears a striking resemblance to the usual symptoms of Feronos­
pora effusa (Qrev.) Rab, on Spinacla oleracea L# During periods 
of extremely low humidity, these spots on the beet leaves are 
sometimes surro-unded by a narrow ring of pale red pigment. The 
symptoms described above are commonly observed in the fall-
planted root beds (fields in which the seedling beets are main­
tained from the time of planting up to the age of thre© or four 
months) in the Sacramento Valley during the months of October 
and "November and in the seed-beet fields (fields devoted to seed 
production) durihg March and April. In the coastal regions of 
California, where the temperature is usually somev/hat lower and 
-9-
Fiff. 2. Peronospora schachtXl fructification on beet 
leaves of'"Seta vulj^ jaris. 
A. Oonidiophores and conidia covering the lower surface 
of a young leaf . x4. 
B.i Isolated mildew lesions on older leaves. 
I 
/ 
I 
• 1 
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the humidity higher during the spring months, this type of 
infection can he observed as late as June# 
Late in the fall, and especially after a period of heavy 
rainfall, the symptoms of the disease most frequently described 
in literature, develop. The young rosette leaves of the beet 
are attacked by the fungus and either the entire new leaf is 
covered by the mass of conidiophores or merely the basal por­
tion of the blade and the petiole F^ig» 3A). Microscopic 
studies show clearly that thero is a continuous isycellal 
connection between leaves infected in this manner smd the 
crown of tlie beet. Usually all new leaves produced subsequently 
show mildew infection in their entirety (Pig. 4B) • Such leaves 
are always small, thick, and often curled downward at the 
edges (Fig* 3B). In most cases the color of Infected leaves 
is light green but in some fields there seems to b© a rather 
high correlation between the paresence of Peronospora schachtli 
and red pigmentation upon the younger leaves. Conidiophores 
and conidia cover the lo?/er surface of the leaves and also may 
appear on the upper surface under humid conditions. The pre­
sence of the fungus apparently acts as a stimulus to the pro­
duction of new leaves, since on infected plants there are 
usually from two to tv/enty times as many leaves (Pig. 4 A and 
B) as on healthy plants grov/ing under the same conditions 
(Pig, 4 D). In nearly all cases the mass of infected leaves 
1 -> 
Pig. 3. Downy mildew syiaptoms on yoiing leaves pro­
duced in the center of the rosette on 
severely diseased plants of Beta vulgaris« 
A, Leaves showing infection along potioie and oasaj. 
portion of the blade.  ^  ^
Distortion of inner rosette leaves invaded oy "che 
i; fungus. 
Healthy leaf* 
-12-
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tV fc, - H/Zv 
.'I 
I 
Piff. 4. DoYmy mildew symptoms on mature oeets, 
A and B« Sever© infection on beet plants sliowing the 
curling, distortion, and stunting of the young 
rosette leaves. , , ^ 
C, Small shoot developing from a severely infected 
planlii * « 
D. Floral shoots on healthy plant of the same age« 
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is surrounded by a. number of fully developed and apparently 
healthy rosette leaves (Pig. 4 A, B and G). This condition 
is commonly found in seed-beet fields during the late wihter 
and early spring months and is also the condition commonly 
observed in the market gardons and sugar beet fields. When 
the disease becomes extremely severe, the affected leaves 
are killed and then are invaded by numercns saprophytic fungi 
and bacteria, The decay which results usually spreads down 
into the beet crovm and finally the entire plant is destroyed. 
Many missing hills result from this process in infested fields, 
v/hen the first floral shoots develop on infected plants usually 
all the leaves formed on them are stunted^  curled, thicker than 
normal and, in ixany cases, covered with conidiophores and con-
idia« As the inain axis elongates, howe/ver, the primary cauline 
leaves are often normal in appearance,/ although the axillary 
flower shoots are dwarfed and distorted bir the fungus attack 
(Pig. 5 0). The sepals of infected flowers and the bracts at 
the base of the flowers become swollen and assume a light green 
color. During periods of cool moist weather, conidiophores 
and conldia develop in large numbers on the sepals, bracts, 
leaves, and even on the axes of the secondary branches of the 
inflorescence (Pig. 6A), On the smaller secondary branches 
many swellings or blisters, oft^ en covered with P. sclmchtil 
fructifications, are found. By microscopic examination it was 
-14-
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C 
Pig. 5. Effect of Peronospora achaclitii on the beet inflor­
escence* 
km Infected Ijeet inflorescence in whicii leaf prodiiction has 
largely replaced flower production. 
B* Gompact floral shoots bearing infected flowers, 
C. Infected flower shoots produced in the axils of apparently 
healthy cauline leaves, 
D. Severely injured inflorescence branch bearing a few mature 
seed balls;. 
E. Portion of • the inflorescence of a healthy beet plant. 
-15-
Pis. 6. A. Peronospora sohachtil Infection, on 
tlis topacts and nowers of secondary 
inflorescence "branches• 
B» Healthy branch of approximately the 
same age. 
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olDserved that the tissue underlying such areas is permeated by 
non-septate mycelium and hauatoria cha3?aeteristic of schachtii. 
Because the branches of the inflorescence fail to elongate, 
the flowers and seed balls (an aggregate of two or more flowers 
fused at their bases) remain grouped together and the enti]?e- in­
florescence assumes the appearance of a compact cluster (Pig. 
5 B) as cojrxpared with a noi^ mal paniculate spike (Pig. 5 E), 
Plovrer production is sometiT^ BS replaced by leaf production and 
then a structure resembling a v/itches* broom is formed (Pig. 
5 A). The color of the infected portions of the plant appears 
bleached and the hypertrophy of the individual flower parts is 
evident. Although in the case of severe infection most of the 
flOY/ers are killed, (Pig. 7 B and G) it is not uncommon to ob­
serve on the sume shoots apparently healthy seed balls and ster­
ile flower remnants covered vd.th fruetifications of Feronoapora 
schachtii (Pig. 5 D)» Observations on material from infected 
plants revealed many mature, viable seed balls which still 
carried the conidiophores of schachtii upon the dry corky 
sepals (Pig. *7 A and E). 
Economic Importance in Oalifornia 
In central California losses caused by Peronospora schaclitii 
occur in three types of beet plantings: marEst gairdens, susap 
beet fields, and fields of garden beets grown for seed produc­
tion* Garden beets are extensively grown in truck gardens 
Fig. 7* Effect of Peronospora schachtii oii seed tiali of 
Beta vulgaris > "* 
A« Matftire aeed balls eovored witli dry conldiophores of P, 
solijachtll, x4* — 
B. severely infected seed balls in which the 
esibryos have been killed by the ftingus. x3« 
G» single seed balls bearing non-viable seods. x4, 
D. iTw^ nty-five seed balls bearing apparently viable seed 
produced on infected shoots. x3, 
E, /Single seed ;^ >all from x4. 
F»/Twenty-five (apparently healthy seed balls. xZ, 
G.( Siitigle seed'ball from P. x4. 
' i 
; \  
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along the coastal region of the San Francisco Bay district 
where, because of the liigh atmoaphepie moisture and the ab­
sence of high temperatures, schaohtil occurs throughout 
the entire year* However, the greatest damage occurs in the 
months of January, February, and March, during which period 
the amount of marketable beets is often reduced 25 to 50 per 
cent. 
Per-onospora schaohtli has been observed on sugar beets 
since 1911 in the fields of liie coastal region. Severe damage 
has not been reported except in the years of 1925 and 1927 
v^ hen, according to Bensel (7), 66 per cent of the plants in 
some fields were infected, Unfortunately^  there is no record 
of the effect of the mildew attack on the ultimate yield in 
the fields mentioned above. In recent years sugar beet produc­
tion in the Santa Clara and Salinas Valleys has been largely 
diacoatinued because of the severity of cur ley-top, a virus 
disease transmitted by the beet leafhopper (Eutettix tenellua 
Baker), At feie present time large acreages of sugar beets 
are being produced in the Sacramento and upper San Joaquin 
Valleys, A detailed survey of many fields in this area was 
made during the past two years and in no case was dovmy mildew 
found in destructive amounts. In the spring of 1929, approxi­
mately one per cent of the plants in one field were found to be 
infected, whili^ e in other fields, either no diseased plants or 
I 
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only a few were found. It was observed that in the latter 
case a single plant was often severely infected without there 
appearing to be any spread of the disease to neighboring plants. 
When sugar beets are planted in late November or December, 
sufficient growth occurs before the spring migration of the 
leafhoppers to enable the plants to partially v/ithstand the 
effects of the "ctirley-top" disease. In some of the ej5>eri-
mental plantings of the Spreckles Sugar Company, seeded in 
Uovember, 1929, from 30 to 60 per cent of the plants were 
found to be infected with Peronospora schachtii > Since v/inter 
planting is becoming a coiranercial practice in the Salinas Valley, 
it is probable that downy mildew will become a more important 
factor in sugar beet production than ia nov/ the case. 
Although no survey of sugar beet fields in southern 
California has been made by the writer, the disease is known 
to occur there, since specimens infected with PgronOspora 
schachtii have Deen sent in for identification^ 
By far the greatest losses caused by this disease in cen­
tral Califoi^ a occur in the fields devoted to the production 
of garden beet seed. In 1929 an estimate of the reduction in 
yield caused by downy mildew in the 600 acres devoted to beet 
sedd production in the lower Sacramento Valley, showed that 23 
pez' cent of the acreage vs.b abandoned as a total loss, 17 per 
cent suffered a 75-90 per cent loss, 18 per cent a 25 per cent 
20 
loss, and 42 per cent a loss of less than 5 per cent. A con­
servative estimate of the total induction in yield of the 600 
acres was 45 per cent, 'Ihe actual losa suffered by the growers 
averaged flOO per acre or a total of $60,000* 
Under central California conditions, the methods of beet-
seed production have been modified so tliat the beet plant, a 
true biennial, completes its life cycle within a period of ten 
to twelve months, Esuring August or September the seed is planted 
in 15 inch rows in root beds where, forced by frequent irriga­
tion, the plants produce "roots" from one-half to two inches in 
diameter before the cool weather of November and December occurs. 
After the fall rains permit tlie preparation of fields, the beet 
plants are transplanted direct from the root beds to the seed 
fields where thsy are spaced from 36 to 40 inches apart. The 
transplanting operation is usually completed in December or 
January. During the winter months, growth is confined ciiiefly 
to root development but in March the rosette leaves develop 
rapidly, followed in April and May by the formation of the floral 
axis. Usually the matui'e seed balls are harvested during July 
in the interior valleys and during August in the coastal regions. 
The losses from Peronospora schachtil on garden beets grown 
for seed production are due: first, to injury on beet plants in 
the root beds before transplanting to the seed fields; second, 
to death of plants in the seed fieldsj and tiiird, to reduction 
-21-
In yield of the infected plants which survive#. 
peronospora schachtll infection on beet seedlings in the 
root beds, while it does not severely injure the individual 
plants, is Important in relation to the development of the 
disease in the seed fields. Seedlings may be weakened by the 
severe attack of p. schachtli on the leaves in the early stages 
of development, but after the fungus becomes established in 
the young rosette leaves the effect on the plarit is much more 
marked. Such plants are practically v/orthless for transplant­
ing and are a dangerous source of infection to nearby healthy 
plants. Observations have shovm that downy mildew in the seed 
fields can, in nearly all cases, be traced directly to root 
bed infection, f'or this reason entire root beds are sometimes 
discarded v;hen the percentage of infected plants is iai^, rather 
than risk transferring diseased plants to tiie seed fields. 
mring the spring months, Peronospora schachtii produces 
its most severe injury on the seed beets. Individual plants 
are so severely attacked that the rosette leaves of the plants 
become a stunted and distorted mass (Pig. 4 B). The death of 
certain of the leaves apparently provides an entrance for 
numerous saprophytic fungi and bacteria, which probably assist 
in completing the destruction of the plants. 'Ihe reduction in 
stand, in many cases, constitutes the greatest single loss from 
this disease. Infected plants which survive until warm weather 
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occurs usually produce poorly developed inflorescences, and the 
amount of salable seed is always less than that produced by 
disease-free plants. 
In order to secure information on the dissemination of 
Peronospora schach.tll» a study of the disease as it appeared in 
root beds was undertaken. Ten root bed plantings v/ere kept 
under observation to determine, as far as possible, how many 
original infections occurred, and the rate of spread of •'ii© 
disease in the field* 
During the fall of 1929 the rainfall in the Sacramento 
Valley was unusually li^t, less than 0.15 inches having fallen 
before December 8» Conditions were relatively unfavoraole, 
consequently, for the development and spread of the mildew, 
making it possible in the case of one isolated field to trace 
the development of the epidemic from its origin. This field 
of one and three-quarters acres was planted to the variety 
Detroit Dark Red on August 19, 1929, with seed of unknotm 
origin. Observations made on iiugust 28 and September 20 failed 
to reveal any infected plants but on October 10 one plant v/as 
found with severe Peronospora scbachtii infection on several 
of the older leaves. The conidial mass on some lesions ms 
very dark and beginning to dry up, indicating tlmt infection 
had occurred at least two weeks before the date of observation. 
Early stages of infection ivere found on about 25 per cent of 
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the plants v^ lthln a radius of eight feet from the heavily in­
fected plant mentioned above (Plg» 8A). A careful survey of 
the remainder of the field, however, failed to reveal any 
other diseased plants. In order to determine the rapidity of 
spread, obset-vations were made at intervals of one week throu^ -
out October and November- During this period the only moisture 
available for conidial germination on the leaves was dew, 
v/riich. however, was abundant throuj^ out r.iost of the period be­
cause of the surface irrigation practiced. 
By October 18 the syii5)toms of disease were observed to 
have spread a distance of 90 feet, or entirely across the narrow 
field, consisting of five plant beds (Fig. 8 A). By October 25 
the downy mildew had spread over one entire end of the planting 
and a small infected area appeared in the opposite end of the 
field (Pig. 8 AS in the other case, one heavily infected 
plant was surrounded by others bearing evidence of lighter and 
more recent infection. Because of the distance and the absence 
of tb.e disease,1?etvveen the two areas, the second is believed to 
be another cas^  of original infection. It is posslole, however, 
I I 
that it may hajve resulted from wind—blown coKidlal infection 
from the othe:^  end of the field, some 450 feet distant. 
By JSovemUer 1 both areas were somewhat enlarged but main­
tained their,identity. One week later the two areas had coalesced 
along one sld^ .of the field and only a small area in the center 
Pig. S« Successive developinent of a downy mildew epidemic . 
A, Beet root bed showing areas found to be infested on October 
10 and 18,il929. 
B. Same root t>ed showing areas invaded up to Hovember 1, 1929# 
C» Same root Iped showing the spread of the disease from October 
10 to Hov^ i^ er 8, 1929, 
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and along one side remained free from infection (Pig# 8 C)* 
After this date, heavy frosta frequently occurred, and either 
this fact or the stage of development of the beet leaves seemed 
to be unfavorable for the spread of the disease* Ho new in­
fested areas were observed on November 15 and the infection- on 
many of the plants appeared to be less severe than fonnerly. 
Up to this time all the dovmy mildevf lesions, with a few excep­
tions, occurred as isolated areas on the outer well developed 
leaves. Soon after the advent of the late fall rains heavy 
infection of the inner rosette leaves could be observed, while 
the first type of Infection practically disappeared, me great­
est number of plants bearing the second type of infection wer-e 
found in the areas in which the disease had appeared at an early 
date. 
•Biese observations indicate riiat infection may appear on 
seedling beets in the field within a month after emergence. In 
the case of the field studied, all of the iafections could be 
accounted for by wind-blown conidia except two, which vvere con­
sidered to be original infections» This fact explains how an 
epidemic covering an entire field may result from a few cases 
of successful seed transmission or oospore infection. Because 
of the rapidity of the spread, even under relatively unfavor­
able conditions, it is evident that any attempt to control dov/ny 
mildew in beet root beds by spraying or eradication must take 
-26 
into consideration tii© fact tiiat tli6 limits of infection at 
any given time extend considerably beyond the area shov7ing 
visible sjTuptoins of the disease,. 
-27-
HOST RAHaB 
Peronospora scliacli"fcii iias been reported on th,e following 
hosts; sugar beets, garden beets, mangels (Beta vulgaris), and 
v;ild beets (§. maritlaa L.), In May 1929, a downy mildew was 
observed on Swiss cJiard (B« vulgaris var« oicla L.) in the experi­
mental plot at Bavis, California. 'Sb.e fungus resembled Perono-
spora schachtii morphologically and readily Infected garden 
beet seedlings, while P. schachtii eonidia from gar-den beets 
infected Swiss chard seedlings under cimilar conditions. Nat­
ural infection of Swiss chard was later found on two occasions 
in the market garden section south of San Francisco, 
A survey of the literature failed to show that Swiss chard 
had been reported as a host for Peronospora schachtii. A popular 
article from Egypt (2), however, refers to the presence of 
spinach mildew (P. effusa) on Swiss chard. In repeated trials 
the writer failed to produce infection on seedlings of the 
latter host with eonidia of P. effusa from Spinacia oleracea^  
while on the other hand, Swiss chard seedlings were readily 
infected by eonidia of Peronospora schachtii. Prom this evidence 
it appears that Swiss chard is susceptible to P» schachtii but 
not to P. effusa from Spinacia oleracea in California. 
Since little information concerning the host range of 
Pcr-onospora schachtii v/as available it seemed desiraole to t6st 
the relative susceptibility of varieties of garden beets, sugar 
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laeetSj and mangolfly as well as to test tlie susceptibility of 
species of Beta, Spinacia, and Chenopodium, 
All the plants to be tested were exposed to infection, 
while in an early seedling stage, by spraying them with a conid-
ial s7so©nsion« The seedlings were then incubated at 8® C» for 
48 hours in a saturated atmosphere, a temperature shown later 
in this paoer to be favorable for infection# At the end ot this 
time*^  the seedlings were transferred to moist cliambers on a 
greenhouse bench* Gn susceptible plants sporulation occurred 
five or six days after exposure to infection and after eight 
days a record was taken of the percentage of plants showing the 
presence of conidiophores and conidia» It was found that the 
age of the seedlings greatly influenced the pc-rcentage of infec-
tion^  the older plants being less susceptible. For that reason 
all comparisons are based on results obtained Y/ith young seed­
lings and these are divided into tv/o age classes, the first from 
11 to 20 and the second from 21 to 30 days after planting. 
t'iscussion of table 1» 
l]!he investigations reported in table 1 were conducted be­
tween November 1929 and March 1930. The results with each 
variety represent the compilation from two or more trials. 
Ei^ t variet ies were exposed to infection at one time and seed­
lings of the variety Detroit Dark Red were included with each 
set so that a comparison of the separate trials could be made. 
Table 1. Comparative ausceptibllity of* cultivated varieties of Beta vulgaris 
to Peronospora scha chtii. 
; Exposea to infec- : £;xpos ed to infec-
i tlon 11 to 20 days : tlon 21 to 30 days 
: after • • after 
Common Variety I planting : planting 
name « • i InfeoteS : i Infected 
sTotal sKuin-: Percen­:Total ;Muin-« : i^ ercen-
;olanta :ber : tage : plants :ber * 
CriDison globe 75 52 69 103 64 62 
Crosby's Egyptian 89 88 99 135 131 97 
Detroit dark red 5X5 499 97 307 270 88 
Early blood turnip 101 97 96 92 56 61 
Early eclipse 109 105 96 49 37 76 
Early model 97 95 98 50 35 70 
Garden Early v/onder 127 91 72 
beets Extra early Egyptian 170 167 98 83 71 86 
B'ireball 107 104 97 99 85 86 
Half long blood 95 87 92 172 101 59 
Half long special 183 134 73 182 147 81 
Long smooth blood 229 119 52 159 64 40 
Danish slugstnip 132 117 89 169 125 74 
Giant half sugar rose 225 191 85 109 71 65 
Golden giant intermediate 225 164 73 135 82 61 
Man­ Golden tankard 86 80 93 83 50 60 
gels Long red mangel 22 5 23 27 3 11 
Mammoth long red 183 159 87 231 72 31 
Red Eckendorf 115 102 89 160 130 81 
\¥hite B'rench sugar 90 80 89 144 94 65 
White sugar rose top 84 75 89 125 112 90 
t 
M fO 
1 
Table !• Concluded 
infect-
30 days 
ibcposed io infec- : 
tion 11 to 20 dayss 
after : 
planting : 
: Int'<^ ted ; 
Total jlJxiin-: Percen-: To fcal : iWum-: Percen-
plantssber ;tage ;plantstber itage 
iixposed to 
tion 21 to 
after 
planting 
: Infected 
i 
: 
Common: 
name ; Variety 
Sugar Commercial sugar beets (variety 
beets unknown) 49 38 78 83 37 45 
Klein VVanzleben 128 76 59 220 121 55 
Beta vulgaris var. plantaginifolia 200 86 43 85 3 • 4 
Swiss Giant Lucullufl 171 55 32 148 27 18 
chard White silver 223 156 70 118 68 49 
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Since over 90 ptjir cent of the 11 to 20 day old set-dlings of 
the variety Detroit dark red and over 80 per cent of those 
from 21 to 30 ^'d^ ys of age were infected in every case, the 
results of a.lpi tirials were brought together in one table. 
Twelve dOiiiiiercial varieties of ..arden beets were tested 
/ ' 
and all were/found to be susceptible in tlie seedling stage. 
/ ' 
There were,/hoy/ever, some differences and from these trials it 
/ •  - V .  
appeared fhat the varieties Crosby's Egyptian and Detroit dark 
red v/ere, the mpst susceptible, while the varieties Long smooth 
blood a^ d Crimson globe were relatively resistant. It seems 
' •  
probable from bhe few trials that have been conducted that 
older plants ofHcertain varieties may be markedly resistant 
to the attack/of this fungus. 
/1 • . 
/ All of tii\e nine mangel varieties tested shov/ed some in-
J '• ; ' 
friction, but /the variety Long red seemed to be the most re-
/sistant. ,Ho^ ev;,er, the number of seedlings of this variety v/as 
/ •  ^ ''' ! \ 
too few t/oi pirmlt definite conclusions. Two sugar beet varie-
•/ / ! • ! \ 
// ; 
ties, Kiel^ n.VJan^ leben and an unlabeled commercial variety were 
not ag susceptible as the majority of garden beet varieties, 
but .'vvfere ,;^ eadily infected in the seedling stage. A sugar beet 
1 ' 1 
sale,6tioh (designated as Beta vulgar-is var. plantaginifo 11a 
Zalfinsk^ 'iv/a^ s found to be resistant, especially when exposed to 
inifewtion after the first true leaves had developed. It is 
. ) ' Vs 
r^iterestijig. jtp note in passing that this selection of sugar 
/ ' ] ' / i ; 
i I •; 
• ; / 
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beets was reported by Sbevclienko (37) as iii^ ly resistant to 
infection witli Cercospora beticola Sacc* Both varieties of 
Swiss chard were-s susceptible to downy mildew, but Giant 
Lucullus showed the most resistance. 
Ten Beta species v;ere exposed to infection by spraying 
them with conidia from garden beets and all became infected 
(Table 2). Of those tested. Beta Borgael Coss. and B» patula 
Soland. were apparently the most resistant. Samples of Beta 
maritima obtained both from Europe and California were exposed 
to infection and over 70 per cent of the seedlings were infected 
in each case« Chenopodium album L. and C. murale L. were 
repeatedly sprayed with conidial suspensions but no infection 
occurred. 
All of the species and varieties of the genus Beta which 
were tested in tliese trials were found to be susceptible in 
the seedling stage although there was, in some cases, a marked 
difference in their response. 
Morphologically Peronospora schachtli and P. effusa re­
semble each other closely and both infect members of the 
Chenopodiacea©. In an attempt to determine whether or not a 
pathological relationship existed between the two fungi, tliree 
hosts of P. schachtli: Detroit dark red beets, White silver, 
and Giant Lucullus Swiss cimrd, and two hosts of P. effusa: 
Prickly winter and Long standing spinach, were sprayed with 
Table 2, Comparative susceptibility to infection with. Peronospora scliachtil 
of v/ild species of Beta and Chenopodium. 
Genus Species 
: Exposed to infec-
: tion 11 to 20 days 
: after planting 
tl^ otal : Inl^ ected 
! plant s; Kiainber; Per cen'tage 
Exposed to infec­
tion 11 to 20 days 
after planting 
l^ otal. ; ini^ ecteg 
plants;Number;Percentage 
Beta* Bourgaei 26 7 27 
74 Bourgael x B. procumbena 49 41 84 49 36 
Macrocarpa 53 52 98 34 29 85 
marltima 270 211 78 209 146 70 
patellaris 141 75 53 
patula 21 S 38 
procijmbens 53 52 96 
scutellaris 28 23 82 
vulgaris var. abyssinica 56 49 88 34 23 68 
album 32 0 0 
murale 36 0 0 26 0 0 
I M 
W 
I 
*Tlxe seed of the Beta species was furnished through the coxirtesy of V llmorin-
Andrieux and Company, Paris, Prance, Although originally collected in various 
parts of Europe the species have b^ e^n growing in close proxiinity to each other 
for several years with every opportunity for cross pollination and therefore 
cannot, in all cases, be considered pure. 
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conidla from Beta vulgaris and Spinacia oleracea. 
Discus sion of table 5» 
In table 3 tiie percentage of infecr^ ion in each case was 
secured by duplicate trials conducted in March 1929, Conidia 
from Beta vulgaris readily infected the variety of garden beets 
Detroit dark red and tiie Swiss chard varieties White silver and 
Giant Lucullus, but produced no infection upon two varieties 
of spinach. Prickly v^ inter and Long standing. On the other 
hand, conidia from Spinacia oleracea produced no infection on 
the aame varieties of garden beets and Swiss clmrd while 
readily infecting the two varieties of spinach. The results 
show that, as far as the varieties tested are concerned, the 
host ranges of the two species of Peronospora are distinct. 
Table 3. Comparison of the host range of Peronospora achaohtli and 
P, effusa on varietiea of Beta vulgaris and Splnacla oleracea. 
t ' ' i  ^ Conlcila fromt 
: . : aa£a> vul,.R:ari8 t v^ plnaol.a aXgracea 
Host : Variety tTotiai t Infected :Total : Infected 
i ;plants;FuinbertPercentage;plants tIt'.im'bertPercentage 
Beta vulgaris Detroit dark red ISO 147 98 135 0 0 
Beta vulgarly 
var. cicla Wliite silver 1S2 87 71 147 0 Oh 
" oi 
B. vulgaris 
var» . cicla'~ Giant Lucullus 108 39 36 73 0 0 
Splnacla 
oleracea Prlckley winter 130 0 0 117 115 98 
/ 
S. oleracea Long standing 79 0 0 65 58 89 
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CAUSAL ORGANISM 
A description of Peronospora sehachtll has been given by 
Fischer (15), Berlese (8), and Riehm (34) and will not b© re­
peated here. In the course of these studies certain points 
have been found which have not been previously presented or 
which, differ from previous descriptions. The coarse non-septate 
mycelium can be satisfactorily differentiated from the host 
'issue in free-hand sections by staining for a few minutes with 
cotton blue in lacto phenol, 'fhe diameter oi the mycelium has 
been found to vai^  from 4.4 to 11.0 jx, the average being 6.7 ji. 
According to Prillieux (33), one to three conidiophores 
emerge from a single stoma. A microscopic observation on young 
diseased cotyledons lias shown in some cases as many as ten 
conidiophores protruding from a single stoma. From the en­
larged conidiophore base, measuring about 11 in diameter, 
the trunk gi^ duaily tapers until at the base of the branches 
the diameter averages approximately 5.7 ji. Observations on 
200 conidiophores produced in a laboratory moist chamber at 
13-15® C* have shown that the number of sterigmata on a single 
conidiophore varied from 5 to 43, the mean being 15 ± 4.4. 
The total length of the conidiophores varied from 177 ^  to 653 
jn, the mean length being 356 ± 41.4 ji. The trunk of the conidlo 
phore occupied from two-thirds to three-fourths of the total 
length, -^ -'hile the branched portions constituted ^ the remainder.-
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ItiBse measurements are somewhat larger than those observed by 
Berlese (8), who stated that the conldlophores were from 250 
to 550 u In length* 
Gr&umann (19) has shown that the ^ ize of conldia in species 
of Peronospora may be greatly influenced^ , by the temperature and 
humidity during the period of formation and by the stage of 
maturity of the spore. "Hiese results emphasize the importance 
of making spore measurements under standard coijditions which 
may be duplicated by other workers, Peters (31) apparently 
made his measurements on fresh conldia while GS.umann (19) used 
conidia from specimens in ex8iccatl» In the present studies, 
measurements have been made on both types of material in order 
to be able to draw direct comparisons. In the first trial, 
observations were made on conidia produced on leaves of Beta 
vulgaris in a moist chamber containing a saturated atmosphere 
at a temperature of 13—15® C, Under these conditions abundant 
conidia, uniform in size, shape, and general appearance, 
developed. Germination and infection experiments have shown 
that conidia produced in this manner are functionally mature. 
Measurements were made with a 4 mm. objective and filar micro­
meter on fresh conidia mounted in tap water. All conidia were 
disregarded which v;ere obviously imraature or which did i;ot 
present their greater axis at right an<3;les to the line of 
vision. 
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In the second trial, conidia which had been dried on a 
leaf of Beta vulgaris in the laboratory for a period of 15 
days were used. Following the methods of C?&umann (19), the 
dried spores were placed in concentrated lactic acid to re­
store turgidity after preliminary trials had shown that the 
concentration of the acid did not influence markedly the size 
of the spores# 'TIhe results obtained by measuring 200 fresh 
and 100 dried conidia are presented in table 4 in comparison 
y^ ith the measurements by Fischer (15), Berlese (8), Peters (31), 
Q^ kumann (19), and Hiehm (34)• The similarity of the results 
obtained with fresh and dried spores indicates that the size 
of conidia is not greatly influenced by the methods used in 
preparing them for measuremeizt* 'Ihe B?riter's measurements 
correspond closely to the results of Peters (31) and to those 
of Fischer (15), but differ somewhat from the results of G^ umann 
(19) and Riehm (34). 
«39-
Table 4. Coraparison of the measurements of previous workers 
with those of the writer on conidia of Peronospora 
schachtii. 
Authority : Length (ji) 
m 
: Width (ji) 
Range : Average i Range :Average 
Fischer (15) 21-26 25 16-21 20 
Berlese (8) 23-27 17-20 
Peters (31) 24 20 
Gr u^imann (19) 27 21 
Riehin (34) 27 21 
Present studies 
(fresh conidia) 
(dried conidia) 
20.3-23.1 
21.9-28,5 
24.0^ .96 
24.5±.82 
17.5-24,3 20,2+.81 
17.5-23.5 19.^ i76 
Oospores of Peronospora schachtii were first observed in 
1882 by Prillieux (32) who reported that they v/ei e abundant 
in the leaves of infected plants, Kuhn (24) foiind no oospores 
in Germany and at a much later date Pefcers (31) reported that 
oospores rarely, if ever, formed In that country. 
In the Hollister District of California, near the coast, 
many oospores were found in the inl'ected leaves of beet plants 
after dessication had occurred. In the Sacramento Valley, 
however, during the latter part of the growing season when hot 
dry weather prevailed, oospores were found only occasionally, 
'Hie formation of the sexual spore in these cases apparently 
occurred in connection with the maturity or death of the host 
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tissues. Oospore formation, ho /ever, can take place in young 
actively growing leaves. Under artificial conditions oospores 
have been produced in cotyledons and young leaves 'tvithin 30 
days after they were sprayed v/ith a conidial suspension {Pig. 
9 A), In such cases the same leaf areas seldom produced both 
conidiophores and oospores. There is some evidence that low 
atmospheric moisture inhibits conidiophore production in young 
seedlings and stimulates the formation of sexual spores. In 
one young leaf, oospores and oogonia wei-e found at the rate 
of 29,000 per square contiiaeter of leaf area. 
The young oogonium of Peronospora schachtil appears as a 
globular, many nucleated structure siirrounded oy a thin mem-
hrane, the oogonial wall. A single paragynous antheridium 
usually appresses Itself to the periphery of the oogonium (Fig. 
9 B and C), and the contents of the oogonium round up in tiie 
center and become delimited from the periplasm by a definite 
membrane which thickens to form the oospore wall (Fig. 9 B). 
I 
Later the periplasm is deposited on the oospore wall as a 
smooth but irregular epispore, the tliin oogonial wall collapsing 
with the maturity of the oospore. Within the oospore, reserve 
granules in different states of development have been observed* 
By measuring 50 apparently mature oospores, it was found that 
the oospore diameter ranged from 26.6 to 35.6 with a mean 
diameter of 30.^ 1.54 ja. It v;as also found that the oospore 
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Pig. 9. A. Oogoiia in beet leaf infected imu:;!' artificial 
conditions, x 135. 
B. Two stages in the development of the oospore; the 
uppQT' shov/ing the rounding—up of the contents in 
the center of the oogonixua and the lower showing 
the formation of the oospore v/all. An old anther-
idiun reji3aina attached to the oogoni^ uni in the 
latter, x 565. 
C. Oogoniuia v;ith antheridium closely appressea to 11:8 
surface is shovni in the center. x330» 
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wall was from 1.2 to 3.4 )i in thickness with a mean of 2.2 £ 
.21 ;i. 
Germination of oospores of comparatively fev/ cpecies of 
the Peronosporales has been reported. De Bary (6) has shown 
that the oospores of Peronospora valerlanellae Puckel and 
PYthlxam de Baryanum Hesse germinate by a germ tube Y^ hile those 
of P. prollferum de Bary and Phytophthora omnivora de Bary 
germinate by a tube ending in a terminal sporangium. De Bary 
(5) has also shovrn that oospores of Cystopus candldus (Pers.) 
Lev. germinate by zoospores. The literature on the germina­
tion of oospores of Plasmopara vlt1cola (Berk, and Curt.) 
Berl. and de Ton. has recently been compiled by Arens (3). 
Germination of oospores of pseudoperonospora humuli (Miyabe 
and Takah.) Wlls. by zoospores v/as shown by Arens (4). Hiura 
(20) and Evans and Harrar (14) have shown that oospores of 
Sclerospora graminicola (Sacc.) Schroet. germinate by a germ 
tube. Oospores of Peronospora spinaclae (Grev.) Laubert 
(P. effusa) were reported by Eriksson (12) to germinate by a 
germ tube without packing through a resting period. 
Numerous attempts to germinate the oospores of Peronoapora 
schachtii have been made without success. This may, in part, 
be attributed to immaturity of the oospores or to unfavorable 
conditions of storage. Two methods have been employed in the 
germination trials. In one, the finely pulverized leaf tissue 
»43"' 
containing the oospores, was dusted onto the surface of tap 
water in v/atch glasses. 1*116 floating cultures v;ere stored at 
different temperatures between 2® G. and 30°G» and observations 
were made at the end of 24 and 48 hours. In the second method, 
the oospore material was dusted on a piece of filter paper, 
which was supported on a v/ire frame above a free water surface 
and enclosed in a small moist chamber. At the end of 24 and. 
48 hours, portions of the oospore laaterial were carefully 
scraped from the filter paper and examined for signs of ger­
mination. None was observed in any of the trials^  
When seed of Beta vulgaris v/as planted in steam sterilized 
soil in whicdi had been mixed abundant pulverized leaf material 
containing oospores of Peronospora schachtil, only one seedling 
in each of two trials became infected. Three other trials gave 
negative results and no infected seedlings ¥;ere observed in any 
of tlie control pots. 
Conldial Gemination 
In early germination trials, conidia were secured from 
diseased leaves collected out-of-doors early in the morning. 
In some cases excellent germination was secured by using the 
coxiidia removed from such leaves, while at other times not 
over 50 per cent germination was obtained at the most favorable 
temperatures. In order to secure mere uniform results, severely 
Infected leaves, collected in the late afternoon, were washed 
under a strong stream of water while the surface of the leaves 
: ,/ / -44-
I /' 
was rubbed,Wylth paB fingers to remove iiie conidiophores and 
conidia, i^3ie infecte(d leaves were then placed in a moist 
chamber/nd held at 13-15° C. for 18 to 24 hours, during which 
time/ah abi^ ndance of fresh conidia developed. A few drops of 
tap v/ater-./were placed on the sporulating surface, and repeatedly 
drawn jtfp into and 'expelled from a medicine dropper. When the 
/* '/ 
water drops became turbid, due to the presence of large num­
bers at conidia, l^ e spore suspension was used immediately for 
the p;ii',<fparation o:^  hanging drop cultures. By.using this method 
uni/of^ y viable donidia, free from foreign materia], \7ere 
secu?)&<i. 
; All trials o^  the relation of temperature to percentage 
of germination, r,iite of germination, and rate of germ-tube 
gj^ owth, were mart©' by means of spore suspeiisions in hanging 
di'op cultures. . Ajb first both van tei^ em cells and hollow 
• ground slides terje used, but after, a comparison had shown that 
there was litti|L6 'pr no difference /in the percentage of germina-
•  , y  /  '  1  
tion by the twoj methods, only the latter was used# 
/• • • j 
A simpj^ ified technique for racing hanging drop cultures 
with hoLlov/,' ground slides was devjlsed. As far as is known 
tiiis method is not in use in other laboratories. All of the 
hollow ground slides to be used :jLn a series of trials were 
placed ?on a laboratory table v/ith the concave surface upward, 
A glasis ring, o^ i approximately the same diameter as the con-
' 1 
' \ i 
; 
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cave area of the slide, was dipped into raetled vaseline and 
quickly touched to each slide in such a manner that a circle 
of vaseline was formed around the concave area. The required 
number of cover slips- (25 tcra* sq*) were then arranged on the 
table and a small drop of the spore suspension placed in the 
center of each* A slide prepared as stated above v/as then 
inverted over each cover slip and gently pressed down until 
the vaseline established contact between the slide and cover 
slip, forming an air pocket above the drop, !Che slide and 
cover slip were then inverted by a quick, continuous motion 
without disturbing the drop and the culture was ready for ob­
servation or incubation. 
Temperature Relation 
Per these studies the hanging drop cultures were incu­
bated for 18 to 24 hours in therraostatically controlled cham­
bers, the temperature of which varied less tlian 1° C. The per­
centage of germination at each temperature was obtained by 
counting the spores in foxir or five fields on each of two or 
more slides incubated at that temperature. Between 100 and 
300 spores were counted on each slide, depending upon the uni­
formity of germination in the drop. 
Discussion of table 5. 
•'Khe conidia used in all of the trials siiown in table 6 
were collected out-of-doors In early morning and their lack of 
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uniform maturity accounts for the relatively low percentage of 
germination at all temperatures in trials 2, 3, 4* and 7, 
The trials in table 5 were conducted between April 13 and May 
4# 1929. The results are not sufficiently uniform to show 
definitely the optimum temperature, but these studies indicate 
that 4° G» is the most favorable for the germination of conidia 
schachtii. Because of the wide differences in 
germination at the same temperature, the hi^ est percentage of 
germination at each temperature represented most accurately 
the capacity of the conidia for germination. 
Table 5» Influence of temperature on the germination of 
conidia collected under field conditions* 
r Degrees Centigrade arid percentage germination 
i 2°: 4^; 6-7Q; 8°; IQO s 15°; 15-17^; 19°: 21°; 25-250:27>280; SPO 
1 92 82 65 11 6 6 1 
2 14 21 37 44 38 19 7 6 5 
5 1 19 44 34 39 27 30 6 4 
4 5 22 29 45 47 51 24 9 8 
5 23 82 88 79 55 3 1 2 1 0 
6 40 69 85 80 75 24 10 10 7 0 
7 50 51 51 62 52 21 6 5 0 
Maximum • r? .q "v T j 3" 
percen-  ^
tag© 
germin­
ation 40 82 92 82 66 75 30 24 10 10 7 1 0 
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Biseussion of table 6« 
Hie conidia used for the trials reported in table 6, 
instead of being collected out-of-doors, were produced in a 
laboratory moist chamber on infected leaves from which the 
previous conidial coating had been removed by running v/ater. 
The total nvmber of conidia counted, the total mjimber which 
germinated, and the percentage of germination for all six of 
the trials are shosiirn in the summary at the bottom of table 
6« The percentage of conidial germination obtained at each, 
temperature from -I® to 30® C. is shown graphically in figure 
10. 
It is evident from the results presented in tables 5 and 
6 that, under the conditions of these experiments, the opti­
mum temperature for the conidial geiroination of Peronospora 
schachtii is from 4° to 7° C. (Pig. 11). The maximum tempera­
ture is approximately 30® C., since only a fev; trials shov#©d 
any germination at that tenperature. Prom 4 to 66 per cent 
germination v/as obtained at C.; therefore, the minimum 
temperature for conidial germination is apparently near the 
freezing point. 
Althou^  the summary of all the trials shows a Mgher 
percentage of geiroination at 6-7® 0. than at 4® C., a com­
parison of the results in trials where the same conidia sus­
pensions were incubated at each of the two temperatures, shows 
Table 6. Influence of temperature on tiae germination of conldia produced 
in a moisture chamber. 
Degrees Centigrade and percentage germlna'-Bion 
Trial • 
• io 
• 0 : 2° 
: : 
: 4° : 
« 
6-7°: 
• 
8° : 
« 
10° : 13° :15^ 17 °:21° 
« 
:23-25° 
• 
:27-28° 
• 
: 30° 
1 
• 
33 93 98 97 26 3 1 2 
— 
1 
2 96 98 98 97 34 2 1 1 1 0 
3 30 89 97 99 99 61 4 1 4 1 
4 66 74 82 87 86 9 4 1 0 
5 4 67 94 16 2 1 1 6 0 
6 34 86 96 54 32 5 1 3 1 
Total 
number 
conldia 
counted 
1099 1873 2085 1020 1600 1943 956 942 2102 2298 1259 2130 
Total, number 
germinated 295 1602 1974 999 1147 692 45 25 26 71 11 3 
Percentage 
of 
germination 26.9 85,5 94.5 98.0 71.5 35.6 4.7 2.7 1.2 3.1 0.9 0.1 
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24 • 
Fig,; 10, Relation of temperature to the genaination of 
i \  
PeTOnoapora schachtii conidia 
/; 
/ •: 
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0 
i 
iS» 
:4',-Ee^ r . 
)i^ .Mim\>! 
'1^ 4 
• X-;> A om' /?r 
OCTC) 
ro a. V ^  
5 0 ^• ••. o IP 
A. o^j c,: - 33 per cent germination* X 135 
B. 20i C. - 94 per cent germination. X 125 
G. 40 ' C . - 98 per cent germination. X 100 
D. 701 C(. - 98 per cent germination. X 100 
E, lOOi GL - 31 per cent germination. X 100 
P. 240' Cl - 1 per cent germination. X 120 
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no significant differences. Less than ten per cent germina­
tion was obtained in the trials conducted at temperatures above 
10®C. 
Because of the extreme tolerance of the conidia for low 
temperature, it was decided to study the effect of freezing on 
subsequent germination. Duplicate series of hanging drop cul­
tures were prepared and one, the control series, was immediately 
Incubated at temperatures ranging from ^  to 30® C., while the 
other was frozen at -12° G. for 24 hours before being distri­
buted over a similar range of temperatures. The experiment 
was repeated and tlie results of both trials sriowed that conidia 
were not killed by freezing at -12°C. for 24 hours, althou^  
the percentage of germination v/as reduced. 
Since co-nidial geimination was not greatly influenced by 
short periods of freezing, a study of the longevity of conidia 
held at -12° C. was undertaken. A series of hanging drop 
cultures was prepared and stored at that temperature and at 
the some time two control culixires were incubated at 2° G. to 
test the viability of the conidia. At intervals of one day 
or more, duplicate cultiires were transferred from the -12° C. 
to the 2° C. chamber, v/here they remained for 24 hours before 
the percentage of germination was determined. A second series 
of cultures v/as later treated in the same manner, except that 
the slides were incubated at 4® C. after removal from the 
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freezing temperature. The first trial was conducted over a 
period of 40 days, while the second was extended to cover a 
period of 100 days# 
Table 7» Longevity of conidia of Peronospora schachtll 
frozen in a hanging drop at -i2o C« 
tiays at -1^ <^  C» 
before germina­
tion trials 
Percentage gennination 
Trial 1 T Trial 2 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
40 
50* 
0 (Control) 
96 
62 
5 
10 
11 
49 
62 
0 
0 
21 
32 
27 
U 
1 
91 
7 
4 
7 
3 
4 
1 
0 
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•»M'o conidia germinated al^ ter having been frozen for 50 
days or more. 
Discussion of table 7. 
The results of the trials presented in table 7 show that 
the percentage of germination is reduced by prolonged freez­
ing, A small amount of germination was observed after the 
conidia had been stored at -12® C. for 40 days, but none 
occurred after longer periois at the same temperature. From 
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these results it is evident that conidia of Peronospora 
schachtii are not killed by frost and tliat they could even 
survive short periods of freezing weather* The tolerance of 
conidia to freezing probably would not provide a means of over 
vrlntering in regions where severe winters prevail because the 
viable conidia would germinate immediately after thawing 
occurred and perish for lack of. host material, 
The conidia of Peronospora trifoliorum de Bary and 
Pseudoperonospora huntoll are also able to germinate after 
short periods of freezing, as has been shown by Mellxus ar^  
Patel (28) and Arena (4), respectively. 
Infection of host plants by conidia during short periods 
of favorable conditions depends upon the rapidity of germina­
tion and germ tube production. The relation of temperature 
to the time required for this process was studied by using 
hanging drop cultures as in previous germination trials. 
Duplicate cultures were incubated at the same time and at 
regular Intervals observations were made on the approxi­
mate percentage of germination. 
Discussion of table 8, 
The results presented in table 8, show tliat, at tempera­
tures from 6° to 25® G., germination was initiated within two 
hours after incubation, while at 4° G., from three to three 
and one-half hours were required. At all temperatures the 
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percentage of germination was approximately as great by tlie 
end of four hours as after 24 houra» 
Table 8. The Influence of temperature on the time required 
for conidial germination. 
Trial : Temperature ;i :l§s2 j&^ :3 :S§i4 :6^ |V :18{^ 4:48 
: :hrthr:hr:hr:hr:hr;hr:hrihr:hr;hrjhr 
4^  C* 0 0 0 0 15 60 90 95 95 95 95 
6° C. 0 0 12 50 75 80 95 95 95 95 95 
80 C. 0 0 50 75 80 85 95 95 95 95 95 
40 C. 0 0 0 0 0 40 50 60 60 60 60 
60 C. 0 0 0 1 10 20 25 25 30 30 30 
120 C. 0 0 3 3 8 9 9 10 10 10 10 
20° C, 0 0 1 3 4 4 4 4 4 4 6 
250 c. 0 0 1 1 1 2 2 2 5 9 28 
300 c. 0 0 0 0 0 0 0 0 0 0 0 
The relation of temperature to germ tube elongation v/as 
determined "by measurements made In the same hanging drop cul­
tures which Y;ere used for the data presented in table 8, At 
the specified time intervals the average length of germ tubes 
in each culture was determined and the results are presented 
in table 9« 
Discussion of table 9» 
It is evident that the rate of germ tube growth varied 
directly y;ith the temperature during the first three hours of 
Incubation. However, in trial 1 by the end of 24 hours there 
\vas no difference in the average length of germ tubes produced 
at 4^ , 6®, and 8° C« In the tsecond trial during the first three 
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hours the few germ tubes produced at 25® C« were longer than 
those produced at lower temperatures. By the end of 24 and 
48 hours, however, it was evident that greater germ tube 
growth occurred at 12° C* than above or below this point. 
Vvithin the first 24 hours germ tubes of 200 u or more v/ere 
produced at all the temperatures tested, except 30® C. 
Table 9, "Die influence of teii^ jerature on the time required, 
for germ tube development. 
i : Average length of germ -fcubes in microns 
Trial:Temperature: 1 :i^ :2 :2^ :3 :3i-; i : s ifcJ: 24: 48 
: :hr:hr:hr:hr;iirjhr; hi*! hr:hr? hr; hr: hr 
40c ^ 8 24 32 72 100 240 400 
60C. 8 16 28 60 94 120 156 320 400 
80C. 12 24 32 76 104 160 184 320 400 
4®C. 3 16 60 160 240 320 
6^ 0. 8 16 20 24 80 240 320 400 
12®C. 16 28 40 62 76 170 400 480 580 
20OC. 24 36 44 56 60 150 320 320 340 
25®C. 43 48 48 48 60 120 160 200 320 
300C. 
•Alien conidia on a dry slide v/ere exposed to direct sun­
light at 32® to 34® C. for four hours or more, tiieir power to 
germinate was destroyed, ©lose exposed two hours or less 
showed a low percentage of germination after incubation in a 
drop of water at 4® C. Conidia exposed to difx"used li^ t in­
doors at 15® to 25® C. for 24 hours.or less, did not entirely 
lose their power to germinate, although! the percentage was 
greatly diminished. 
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OJhe relation of temperature to tlie germination of Peron" 
ospora schachtit conidia was found to be similar to that re­
ported by Hiura (21) for P. effusa from Spinacia oleraceaj 
except tliat Peronospora schaehtii proved to be more tolerant 
of low ten^ jeraturea. Hiura (21) found the optimum tempera­
ture to be from 8° to 10® C., the minimum below 3° G., and the 
maximum near 30° G. In his studies the time required for 
conidial germination varied from one or one and one-half hours 
at 10° to 85° C., to three hours at 3^  C. 
RELATIGl? OP PAMSrrS TO HOST TISSUE 
- P^ "fchogenicity 
To determine if the same conditions which favored conid­
ial germination of Peronospora sclmchtii also favored conidial 
infection, seedlings of the ^ ai^ den beet variety Detroit dark 
red, growing in steamed soil in four inch pots, were sprayed 
V;;ith a water suspension of conidia. Sie inoculum was sprayed 
on both surfaces of the cotyledons by me-ms of a De Vilbiss 
atomizer within ten days after the seedlings emerged* Immed­
iately after exposure to infection, the seedlings were 
bated for 48 hours at the desired temperature within a chamber 
in which a nearly sanux'ated atmosphere was maintained by a 
free v/ater surface. They were then transferred to a green­
house bench and placed in a chamber kept moist by a layer 
of wet sphagnum moss* Conidiophores and conidia of 
Peronospora schachtii appeared on the seedlings five 
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to six days after exposure to infection when the greenhouse 
temperature was held between 18° and 24° C. \'/hen infected 
seedlings were stored under similar conditions in a greenhouse 
held betv/een 8° and 20^  ^C., conidiophores did not develop until 
seven to eight days following exposure. The percentage of in­
fection was determined eight days after the seedlings v;ere 
exposed. 
Discussion of table 1Q» 
Prom three to nine trials were conducted at each of 
nine constant temperatures between and 30° C« The first 
trial was started on October 15, 1929, and the last on Pebm-
ary 10, 1930. The results, summarized in table 10, show 
that 85 to 90 per cent of the seedlings exposed at tempera­
tures between and 16° C. were infected. Seventy-ei^ t per 
cent of the seedlings were infected at 20® C., but at tempera­
tures above that point the percentage was much lower. This 
information is presented graphically in figure 11. Detailed 
counts on the percentage of cotyledons and leaves infected 
were also made but since the results were similar to those 
for plants they have been omitted from the table. The wide 
range of temperatures favorable for infection, as compared to 
the range favorable for conidial germination probably may be 
accounted for by the large quantity of conidia sprayed upon 
the seedlings. 
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Table 10» Relation of temperature to infection of Beta 
vulgaris seedlings sprayed with conidia o? 
Peronospora schachtii. 
» 
: Temperature in decrees Centigrade 
; i ; S i 4 i a ;iO-lS; 15: 56; 25: 30 
Number 
trials 4 6 9 6 7 5 7 3 7 
Total 
plants 366 396 728 328 312 631 362 303 333 
Humber 
plants 
infected 314 348 636 296 265 571 282 45 12 
Percentage 
infection 86 88 87 90 85 90 78 15 4 
Judging from the majority of the trials, 8° C» is the 
optimum temperature for conidial infection. The tolerance 
of this fungus for low temperatures, as indicated in the 
germination trials, is further shown by the hi^  percentage 
of infection which occurred at a temperature of C. On 
one occasion the water in the base of the inoculation chamber 
was frozen solid, yet 89 per cent of the plants were infected. 
The parts of a beet seedling most susceptible to infection 
with conidia of Peronospora schachtil are the young cotyledons 
and newly formed leaves. As tliese structures mature they be­
come less susceptible an^  under the conditions of these experi­
ments, leaves 3 cra» or more in length were usually infected 
Percentage of Plants Infected 
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only near the base and along the mid-vein# It was found that 
the cotyledons are susceptible to infection as soon as they 
eiaerge from the ground# v^ aether the relative resistance of leaves 
of different ages is influences by the siES> number^  or distri*" 
bution of the stomata has not been determined. 
Mycelial Invasion of the Host 
For observations on the distribution of Peronospora 
schachtli in the tissue of the host, both free-hand and paraffin 
sections were used. The mycelium and haustoria of P. schachtli 
were* in most cases» readily observed in unstained material, 
but vAiere the host pigment obscured the fungous mycelium, clear­
ing by means of four per cent potassium hydroxide or concen­
trated lactic acid, was found advisable. Por the study of free­
hand sections or macerated tissues, staining with cotton blue 
in lacto-phenol was found to be more satisfactory than with 
safranin, although the latter is very useful for quick observa­
tions. Magdala red and light green were also used for this 
Durpose. With paraffin sections, Delafield's haemotoxylin and 
Plemtaings* triple stain gave the best results. A good difier— 
ential stain was obtained when sections vjere left for 48 hours 
in one part of resorcin blue in 1000 parts of 50 per cent 
alcohol. Young mycelium and haustoria were stained a brilliant 
blue, while host material became a dark brown color. Older 
fungous structures, however, were not so readily distinguished 
"by this stain* 
In seedlings infected under artificial conditions, the 
fungous mycelium is usually found regularly distributed through 
the mesophyll of the infected portions of the cotyledons and 
young leaves. A few days after conidiophores first appear, 
mycelial filaments may be traced for some distance into the 
cortical tissues of the young hypocotyl. New leaves, produced 
thereafter, are usually infected from the time of their emer­
gence, mless conditions are adverse for the development of 
the fungus• 
Under field conditions, in the fall, of 1929, the ,first 
1 
infections were observed in beet root beds six to eigl^ t weeks 
after planting. The fungus was invariably found attacking 
Isolated areas on the older and upper leaves# Attemptp to 
discover a mycelial connection between such infection^  and 
the beet crown were made without success. During November, 
the isolated lesions on the older leaves disappeared jar became 
less conspicuous and the disease appeared abundantly ®n tlie 
young rosette leaves. The new leaves at the center oi the 
rosette were either permeated' throuf^ out by the funguss or 
attacked only along the petiole and base of the blade.. Micro­
scopic observations have established the fact tiiat there is 
a continuous mycelial connection between the young Infkcted 
rosette leaves and the crown of the beet* / 
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It lias not "been definitely ascertained through what 
tissues the mycelium gained entrance to the crown, but it 
seems probable that the infection originated from conidia 
gerininatlng on the young rosette leaves^  rather than from 
raycelium growing down the petiole from the isolated diseased 
areas on the older leaves. V/ithin the crown and neck of the 
beet, raycelium and haustoria were often observed in abundance 
among the cortical cells. In a large number of cases the 
ftmgoua hyphae were found concentrated near the vascular 
bundles. 
Microscopic studies have shown that mycelium of this 
fungus may be found throughout" the full length of inflores­
cence axes produced on diseased plants, as was previously 
reported by Salmon and Ware (36). The first cauline leaves 
formed on the floral axis often remain healthy, but the flower 
shoots produced in the axils of such leaves are usually 
severely infected. The fungous growth iceeps pace with the 
flower development and the mycelium and haustoria can be ob­
served penneating the sepals, pericarp, and filaments, prior 
to anthesis. Because of the mycelial connection between in­
fected shoots and the crown of the beet throu^  the axes, it 
is probable that infection occurs from the interior of the 
plant in a manner resembling systemic invasion, rather than 
from conidial Infection on the surface of the flower parts. 
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Field observations, however, indicate that localized infection 
on the flower shoots does occasionally take place. Conidio-
phores and conidia seldoin appear on the surface of floral 
parts of Beta vulgaris except daring cool damp v/eather, Tlie 
identity of the fungous mycelium may, therefore, be definitely 
established by placing infected floral parts in a moist chamber 
for a few hours and thus inducing sporulation. 
The presence of conidiophores and conidia of Feronospora 
arenariae (Berk.) Tulasne, P. radii de Bary, and P. violacea 
Berk, on the flower parts of host plants has been repcr ted by 
Fischer (15)• According to Lind (25) P. stigmaticola Raunkiaer 
occurs only on the flowers of Mentha aquatica L. Feronospora 
schachtli was observed on the inflorescence of Beta vulgaris 
by Hollrung (22) and Salmon and YJare (36) but they did not 
state y/hat tissues were invaded. Recently Cook (11) has shown 
that mycelium of Feronospora schleideni Unger invades the 
flo¥;ers of Allium cepa L. and establishes itself within the 
ovule. 
By the use of stained paraffin sections, it has been 
determined that the rnycelium of Feronospora schachtii not only 
permeates the pericarp and sepals of the developing seed ball, 
but actually invades the integument of the young ovule. 
ihe path, of entrance from the pericarp to the integumert has 
not been definitely determined but in some cases mycelial 
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strands were foundthro'u^ out the full length of the funiculus 
and oospores v/ere observed near both ends of this organ 
(Fig. 13 C). The evidence, therefore, points to the funiculus 
as a possible avenue of entrance into the ovule for the fungus. 
In many sections of immature seed balls, abundant oospores 
have been observed in the corky sepals and in the pericarp 
(Pig. 13 A and 
Unfortunately material in all stages of development has 
not been available and, therefore, the relation of the mycel­
ium and oospores in the integument to the developing embryo 
has not been deterained. Penetration of the mycelium into 
the nucellus and embryo has not been observed. Evidence se­
cured thns far indicates that the fungous mycelium and oospores 
become imbedded in the seed coat of the mature seed ball. The 
latter conclusion has been partially verified by dissecting 
out apparently viable seed from seed balls bearing old conidio-
phores on their surface. Vvhen the seed coat was removed from 
During the preparation of this manuscript the writer has 
had access to an unpublished paper by Dr. I.E. Melhus, cover­
ing the results of his investigations on flov/er and seed in­
vasion by certain species of the Peronosporales. In this 
paper he described and illustrated mycelium and oospores of 
Peronospora alsinearum Gasp, in the ovules of Cerastium 
viscoaum L., myeelixim and oospores of Peronospora viciae (B.) 
de Bary in the ovules Pisum sativum L., and mycelium' of 
Cystopus bliti (Biv.) Lev. in the amies of Amaranthua retro-
flexus L. 
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the embryo and its inner v/all examined micros cop ically, abim-
dant non-septate mycelium connected to haustoria characteristic 
Peronospora schachtii was foiand ramifying among the cells. 
Similar portions of the aeed coats from disease-free seed were 
entirely free from fungous mycelium. 
Although it has not been possible to secure definite proof 
that the mycelium found v/ithin the seed coat is that of Peron­
ospora schachtii, the fact that P, schachtii conidiophores 
were found on tihe surface of the seed balls, that haustoria re­
sembling those of this fungus ^ ivere connected to the mycelium, 
and that no fungous mycelium was found in apparently disease-
free beet seed, makes this conclusion seem probable. 
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PEREMIAL MYGELrOM OP 'THE PATHOQEHE 
Overwintering of several species of the Peronosporaceae 
by means of perennial mycelium has been established. MeHaus 
(27) compiled the results of his own investigations and those 
of previous workers, showing that three species of Phytophthora, 
tv;o of Plasmopara, one of Gystopus, and nine species of Peron-
ospora can survive as perennial mycelium. 
In addition, Lind (26) states that Peronospora Candida 
Puckel is perennial in the subterraneajxuparts of Primula elatior 
Hill. By means of extensive investigations Murphy (29) and 
Murphy and HcEay (SO-) have shoivn that Peronospora schleideni 
hibernates as perennial mycelium, v/hile Salmon and Ware (35) 
and Ware (39) have, in the same way, shown that the mycelium 
of Pseudoperonospora humuli is perennial. Gardner (18) pre­
sented evidence that Peronospora parasitica (Pers.) de Bary, 
previously shown by Melhus (S7) to survive on Lepidium 
virginicum L«, could hibernate in the roots of the turnip 
(Brasaica rapa), and Klebahn (23) has reported that Peronospora 
pulveracea Puckel lives over as perennial mycelium in the 
rootstocks of Helleborus sp« 
Kuhn (24) stated that he had proved by repeated experi­
ments that Peronospora schachtii can survive the winter as 
myceliiim in the crowns of beets stored for seed production, and 
reappear on the young leaves when the beets are planted in the 
••68" 
following spring. 
a?o test tlie hibernation of the fungus in the crown of 
stored stecklingB, 79 diseased and 18 healthy beets were 
collected in July, 1929, and stored in sawdust at 4^  C. for 
100 days. The beets were then planted in steamed soil in the 
greenhouse. Twelve of the healthy plants survived the storage 
period and none showed any signs of Peronospora schachtii on 
the new leaves. Only three of the 79 diseased plants survived 
and one of these produced leaves bearing typical conidiophores 
and conidia. The low percentage of plants which survived 
probably indicates that iiie conditions of storage were not 
ideal, buli at the same time, a comparison vfith the healthy 
plants clearly ahov/a that P. schachtii weakened the infected 
plants and provided a means of entry for saprophytic fungi and 
bacteria. The one case of successful hibernation, hov/ever, 
indicated that the conclusion of Kiihn (24) on this point was 
justified. 
In regions having severe winters the perennial mycelium 
in stecklings stored for seed production serves as a means of 
overivintering. In central California the root beds are planted 
in the early fall, the beet roots or stecklings are trans­
planted direct to seed fields in December or January, and the 
entire life cycle of the plant is completed in a ten-month 
period of continuous growth. Mycelium of Peronospora schachtii 
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Often invades the crown of beet seedlings while they are stili 
in the root beds and v^ 'hen such plants are moved to the seed 
fields they initiate centers of Infection. The perennial 
mycelium, in this case, serves to carry the fungus from the 
root beds to the seed beet fields. 
In the same way, the perennial mycelium can carry the 
fungus throu^  the summer period when weather conditions are 
unfavorable and when no commercial beet crop is grov/ing in 
the region devoted to seed production. This was demonstrated 
in the summer of 1929 on a number of diseased beet v/hich were 
being maintained in an experimental plot at Davis, California. 
When extremely hot dry weather occurred, all external symp­
toms of the disease disappeared from the plants, althou^  
microscopic examinations showed that the fungus mycelium was 
still abundant in the crown of many of the beets. Several 
months later when the v/eather was cooler, the conidiophores 
and conidia of Peronospora schachtii appeared on the newly 
formed leaves. Since there was no other beet plants in the 
vicinity, this observation serves as a verification of the 
fact that _P. schachtii does survive unfavorable periods as 
mycelium within the beet crown. 
The discovery by Prilllexix (32) of abundant oospore pro­
duction by this fungus under certain conditions, provides a 
second source from which beet plantings may become infected. 
YO-
Althou^  Prillieux (32) and Salmon and Ware (36) have 
suggested the possibility of Peronospora schachtil being per­
petuated by oospores In the soil* no reference to controlled 
experiments substantiating tliis suggestion has been found. 
Trials have been conducted to secure inforraation as to the 
possibility of P. schaeiitll being carried over by oospores In 
the soil. Soil was collected from a seed field and a market 
garden, both of which had produced diseased crops during the 
previous season. Beta vulgaris seed from a disease-free region 
was planted in pots filled with the so 11 collected, part of each 
lot of soil having been previously steam sterilized for use as 
a control. Seven hundred and eight beet seedlings developed in 
67 pots of field soil, and one hundred and flfty?three developed 
in the 24 pots of sterilissed soil. Ho infection occurred in 
any of the pots. Because of the meager information available 
concerning the conditions necessary for oospore germination 
and infection, the negative data presented above cannot be 
considered significant. 
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SEED TRiiNSfiflSSION 
Eriksson (13) in 1924 observed a small number of infected 
sugar beet plants scattered throughout an otherwise disease-
free field and concluded that this condition was probably the 
result of seed transmission. This hypothesis was given credu-
lence by ths fact that Hollrung (22) described the presence 
PQronospora schachtii on the Inflorescence of seed beets. 
"Hie latter author, hov/ever, stated that there was no proof that 
the disease could be transferred tlipough tlie seed. 
Clinton (10) has shown tliat the mycelium and oospores of 
Phytophthora phaseoll Thaxt. are present in the seed of lima 
beans (Phaseolus lanatus). He found, however# that infected 
seed which germinated did not produce diseased seedlings and 
concluded that the primary infection of young seedlings ori­
ginated not directly from mycelium in the cotyledons, but from 
zoospores produced by the mycelium or oospores carried over in 
the aeed. 
Proia the results of controlled seed gemination trials 
Angell (1) tentatively concluded that "blue mould" of tobacco 
(Peronospora sp.) can be transmitted by seed from severely 
infested fields. Cook (11) recently reported the presence of 
mycelium of Peronospora schleideni in the floral parts of 
Allium cepa L» and suggested the possibility of seed trans-
mi sdLLon. 
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It has been shov^ n that the raycelium of Peronospora schachtll 
may invade the seed ball and establish itself in the poricarp 
and Inner layers of the seed coat either v;ith or without the 
foriaation of oospores (Pig* 15 A, B and C). Hie invasion of 
the nucellus, endosperm, or embryo has not been observed. There 
is also the possibility that oospores produced elsev/here may be­
come lodged in the crevices of the seed ball and serve as a 
source of infection to the young seedlings. Unfortunately no 
method of growing Peronospora species In pure ctilture has yet 
been devised. -iSierefore, to determine the viability of the 
mycelium or oospores within the seed balls, it was necessary 
to geminate the seed under controlled conditions and observe 
the presence or absence of seedling infection* 
In order to conduct experiments on the seed transmission 
of this fungus it was necessary to secure a supply of seed 
known to have been infected, or exposed to infection. A large 
number of infected flower shoots were tagged soon after pollina­
tion. Examination of these shoots at a later date revealed 
the fact that, almost without exception, flowers which were 
infected in an early stage of development failed to mature, 
r&ny of the seed balls which developed v/ere so badly shriveled 
tiiat they could be readily removed by ordinary commercial 
cleaning practices. Less severely infected flov/ers did, how­
ever, produce viable seed. The material finally selected for 
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tiie transmission trials consisted, of; first* seed from in­
fected plants, second, random selected seed from inftsted 
fields, third, commercial seed from diseased fields, and 
foiarth, comraercial seed, part of wliich v/as used for planting 
fields that were found to contain infected plants. Commer­
cial seed from the Pacific Northwest, a region in vdiich 
Peronospora schachtil has never been reported, was used for 
the controls, 'Bie soil used in all trials and the containers 
viere steam sterilized at 40 pounds pressure for two hours. 
After the seedlings emerged, the flats and pots containing 
them were enclosed by sterilized cloth covers which were re­
moved only for watering and observation. In the early trials 
the seedlings v;ere watered with a fine spray to increase the 
humidity, but in later trials the vmter v/as poured dov/n the 
side of the container to avoid splashing any material on the 
seedlings. 
In the first trial, 14 samples of seed from individual 
diseased plants v/ere planted on November 15, 1929, and within 
60 days one or more infected seedlings appeared in ten of the 
samples. In addition, one infected seedling was found among 
400 produced from random selected seed, while" another such 
seed sample produced none. Diseased seedlings were also found 
in one of tlie two lots produced by commercial seed harvested 
from Infested fields and fi^ om one of the tv/o lots of seed 
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which had previously produced field plantings of diseased 
heets, European,) grown sugar beet seed, which had produced 
a field planting containing one per cent of infected plants 
in the spring qf'1929, produced three infected seedlings out 
of 1000. : 
Ihe sec^ bnd series of trials, started on January 20, 1930, 
was similar 101 the first, but on a much larger scale. Two 
weeks bef'or^  starting the trials, the benches, walls, and 
floor of the greenhouse were washed dam carefully and all; 
suscept$|fale host material was reruoved. steamed soil and 
containers vf/ei^ e used as before and new cloth covers were made. 
1 
The tepperature \ms somewhat higher than during tbe pre« 
• ' • 1 
vious t^ Pials and apparently more favorable for seedling develop­
ment,, since a shorter period was required for emergence, and 
subsequent g^ o^wth was more rapid. That the fungus development 
was;also influenced is shown by the fact that the incubation 
period t!vpm\ planting to the appearance of infection was, in 
this case, ifrom 24 to 33 days, while in the earlier trials 
from 45 to ,160 days had been required. Some of the seed 
samples weice grown in flats, while others were planted in 
potfe^  Where the latter were used, either six six-inch pots 
or ^'i|^ t five-inch pots were used for each sample. As soon as 
onb' oir mor|e infected seedlings appeared in any lot, the con-
tajineir was( imoiediately removed from the greenhouse. In this 
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way It vras oossible to determine approximately the percentage 
of primary infection. 
Out of 21 seed samples from single diseased plants nine 
produced infected seedlings, of which five had produced 
diseased seedlings in the former trials. Infected seedlings 
were also found in three lots of coranercial seed harvested 
from infested fields and in two lots of seed -si^ ich had pro­
duced fields of infected plants. Mo infection was observed 
in five lots of control seedlings. 
rdscussion of tables 15 and 14« 
The results of all the trials are sumjrjarized in tables 
13 and 14. In all, twenty-thi'ee seed samples collected from 
individual diseased plants have been planted under isolated 
conditions, of v;hich 14 have produced infected seedlings in 
one or more trials. In some cases the same seed sample pro­
duced a few infected seedlings in one trial but none in the 
second trial. On the other hand, certain samples, such as 
numbers 7, 9, and 13, produced diseased seedlings in each of the 
three trials. Irregularities in the results may be accounted 
for by the apparently small percentage of primary infection. 
In these studies only the first infected seedlings to appear 
in each container and those which appeared before the elapse 
of five days, the conidial generation period, v/ere considered 
to represent primary infection. 
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Table 13. Tranarnlssion studies with seed of Bete vulgaris 
collected from individual diseased plants* 
• • 
• • 
Sample:Number; 
number:trials: 
• 
• 
Humber : 
seedlings: 
number : 
seedlings showing ; 
priiaaiY infection : 
Percentage 
primary 
infection 
1 1 200 0 
2 2 1460 3 0.20 
3 2 520 1 0,20 
4 2 110 1 0.91 
5 2 260 1 0,38 
6 2 1020 6 0.59 
7 3 1720 6 0.35 
8 2 740 0 
3 3 1680 5 0.30 
12 1 150 1 0.67 
13 3 3040 10 0.33 
14 1 200 1 0.50 
16 1 50 0 
20 2 820 1 0.12 
23 1 360 0 
24 1 350 1 0.29 
25 1 45 0 ' 
26 1 275 0 ! 
29 1 100 0 
30 1 100 0 
35 1 161 0 
36 2 540 1 0.19 
40 1 975 1 0*10 
15^ 1 150 0 
19^ 1 400 1 0.25 
39it 1 290 0 
Totals 
for 
above 
trials 
40 15806 40 0.26 
•^ Composite sample collected from several diseased plants. 
I 
\ 
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Table 14. Seed transmission studies with commercial garden 
beets, sugar beets, and mangels. 
T T"^  : Number : Percentage 
SamplecHumber: Number : seedlings showing : primary 
number:trials:seedlings; primary inTection ; infection 
Garden 
beets 
10 2 1970 3 0.15 
17 3 2010 5 0.25 
21 2 940 1 0.11 
22 2 725 1 0,14 
61 1 190 0 
62 1 145 0 
53 3 885 0 
64 2 780 0 
55 2 286 0 
66 1 150 0 
69 1 440 . 0 
70 1 610 0 
71 1 450 1 0.22 
72 1 490 1 0.20 
75 1 420 0 
74 3 3490 7 0.20 
Sugar 
beets 
18 4 4820 8 0.17 
Mangels 
38 1 500 0 
'i'dtals 
for 
above 32 19301 27 0.14 
trials 
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Results obtained with seed samples 10 and 17, harvested 
from severely infested commercial seed beet fields, show that 
not all infected seed balls are removed in cleaning, A few 
infected seedlings were produced in each planting made from 
this material. Seed samples 61, 62, and 63 from the Pacific 
Northwest v/here Peronospora schachtil is as yet unknovm, pro­
duced no diseased seedlings under similar conditions. 
In some cases it has been possible to correlate field 
observations with greenhouse experiments. For example, seed 
sample 21, secured throu^  an Eastern seed company but the 
original source of which is unlmown, was used to plant two 
commercial fields in 1929, both of which later developed in­
fected plants. In one case the beet planting was well iso­
lated, while in the other case it was near another beet plant­
ing v/iiich remained apparently free of the disease. In the 
greenhouse trials this seed sample produced a few infected 
seedlings. Seed sample 18 was used to plant a large commer­
cial sugar beet field in the spring of 1929. In May a count 
was made in this field and approximately one per cent of the 
plants, uniformly distributed throu^ out the planting, \i7ere 
found to be infected. In the greenhouse among 2800 seedlings, 
ei^ t primary infections were observed. 
The percentage of seedlings wiiich are infected by fungous 
material carried v/itii the seed ball can only be approximated. 
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Prom these studies, however, it appears that seed from plants 
loiown to be diseased seldom produces more than one per cent 
of infected seedlings. Prom the ei^ t samples of coimaercial 
seed found to be infected, only 0.18 per cent of the seedlings 
v;ere diseased. No attempt has been made as yet to determine 
wliether the inoculum carried v/ith the seed ball exists as 
mycelium or oospores, 
Throu^ out these trials every precaution was taken to 
prevent outside infection and since certain samples of seed 
have repeatedly produced infected seedlings, while others have 
always produced seedlings free of infection, the conclusion 
that Peronospora schachtii is transmitted by means of the seed 
seems justified. 
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CONTRQL 
During. t3i6 progress of these investigations no experi­
mental evidence on tlx© control of Peronospora schachtil has 
been obtained. 13ie information secured points to the ad­
visability of certain practices v/iiich should, theoretically, 
I 
reduce the losses suiffered from this disease* Downy mildew 
of beets is apparently carried with the seed and, therefore, 
plantings should be made with seed from disease-free sources. 
•Ehe abundant prp^ etion of oospores under certain conditions 
no doubt produfi^ 's soil infestation. Mo evidence is available 
as to the longevity of the oospores in the soil, but it is 
advisable to ^ "vfoid, wherever possible, planting beeto in 
fields \7here tike disease has previously occurred. 
In root b^ s the presence of downy mildew symptoms on 
the youngest liosette leaves ia usually associated with mycelium 
in the crown..jIt therefore seems advisable, when transferring 
beet plant's £p<^ m the root beds to the seed-beet fields, to 
eliminate al^ 'plants showing this type of infection. 
SprMjirig •^ ith Bordeaux mixture and dusting with copper-
lime dus,'t qite i^ ow being practiced by certain growers in an 
attempt^  to ch^ ck the disease in the root beds and seed fields. 
Uo def^ nit^  lr).f<^ >rmation as to the effectiveness of these treat-
./ i ; 
ments ,is yeit available^  
; /: 
/ •  ^  
t  f '  I  
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Uie methods of root bed culture now practiced in central 
California are conducive to the development and spread of 
peronospora schachtil and it is probable that a modification 
of these cultural practices might be beneficial. 
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SUMM/iRY 
Peronospora schaohtii lias been Imown to occxir to a 
limited, extent on sugai* beets in Caliiornia sine© 1911 but 
it VJG.B not until 1929 tbat the disease became a serious factor 
in garden beet seed production* In 1929 an estimated loss 
o^f 43 per cent was incurred from this disease on 500 acres of 
garden beets grown for seed in the Sacramento Valley. The 
disease is serious also on market beets in the coastal truck­
ing sections south of San ?mn.cisco« 
The fungus attacks plants in all stages of development;# 
Under artificial conditions the disease readily appears on 
cotyledons and young leaves of seedling plants^  resulting 
in a bleaching and downward curling of the cotyledons, and a 
distortion of the young leaves• Infected cotyledons and young 
leaves shov/ a heavy gray coating of conidiophores and conidia 
on their lo;jer surface^  
Under field conditions, the first syn^ jtoms of downy mildew 
in the beet root beds usually occur as isolated irregular 
lesions on older leaves. After the fall rains begin, the 
disease is confined chiefly to the yoimgest leaves, causing 
the center of the beet rosette to become a moss of small, 
tightly curled, and distorted leaves covered with a mass of 
conidiophores and conidia. In the seed-beet fields, Peron-
J  
ospora schachtll infection on tihe inner rosette leaves Is 
I 
J 
! 
I 
( 
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tlie most conspicuous symptom of the disease, but during per­
iods of rainfall secondary infection occurs as isolated areas 
on the outer leaves. 
jS'lower shoots produced on diseased plants are often in­
vaded systemicallyJ which results in the entire inflorescence 
showing a stunted and compact form of grovfth# Infected bracts 
and flower parts are swollen, distorted, and faded in color• 
Field observations on the development of a downy mildew 
epidemic in a beet root bed during the fall of 1929 showed 
quite conclusively that all subsequent infection spread from 
tv/o primary centers. 
the exposure of young plants, under controlled conditions, 
has shown the follo?/ing to be susceptible to the disease; Beta 
vulgaris (ten varieties of garden beets, nine varieties of 
mangels and three varieties of sugar beets), B. vulgaris var. 
cicla (two varieties of Swiss clmrd), B. Borgael, B., Borgaei x 
B. procumbens, B. macrocarpa, B* maritima, B» patellaris, B» 
patula, B. procumbens, B. Scutellaria, and B« vulgaris var. 
abyssinica. No infection v/as obtained on Chenopodium album and 
C. murale. 
Controlled temperature studies have shown that a tempera­
ture of 20-10® G. is favorable for conidial germination, with 
an optimum between 4® and 7® C. The minimum is below ^  C., 
while the maximum is near 30® G. Conidial germination was 
84 
initiated within two hours at temperatures from 6° to 25® C* 
but at 4® C, three to tliree and one-half hours were required. 
The length of germ tube varied from 240 p to 480 ji at the end 
of the first 24 hours with the greatest development occurring 
at 12® C« Short periods of freezing did not affect the via­
bility of conidia and a few were found to be capable of germina­
ting after 40 days at -12® C. 
A high percentage of irJ'ection vfas obtained on beet seed­
lings sprayed with eonidial suspensions at temperatures between 
•|-® and 20° C. Slight infection was obtained at 30° C* Coty­
ledons and newly formed leaves were found to be the most sus­
ceptible portions of the beet seedlings. 
Abundant oospores were found in the leaves and floral parts 
of seed beets and in cotyledons and young leaves of seedlings 
exposed to infection under artificial conditions. Attempts 
to germinate the oospores have been unsuccessful. Oospore inoc­
ulations in sterile soil resulted in infection on a single beet 
seedling in each of two trials. No infection was obtained in 
three other trials. 
Microscopical studies of free-hand and paraffin sections 
have shown that the fungous mycelium spreads from the young 
infected rosette leaves of the beet into the crown. Leaves and 
flower shoots produced after the mycelium invades the crown are 
usually completely invaded by the fungus. 
I 
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Mycelium and oospores were found abimdantly in tiie peri­
carp and sepals of beet flov/ers and occasionally v/ere present 
in the funiculus and the integument of the ovule. Mycelium 
and haustorla resembling those of Peronospora schachtii were 
found inside the testa of viable seed from seed balls bearing 
dry conidiophores on their surfaces. 
Twenty-seven samples of beet seed collected from diseased 
plants and eighteen samples of commercial seed were planted in 
sterilized soil in the ^ r^eenhouse. Infected seedlings appeared 
in 15 lots of the former and in ei^ t lots of the commercial 
seed. Primary infection occurred on 0.10 to 0.91 per cent of 
the seedlings from seed produced on diseased plants and on 
to 0.25 per cent of those from commercial seed* Seed 
from disease-free regions produced no infected seedlings. It 
was therefore concluded that Peronospora schachtii is trans­
mitted with the seed. 
Field observations and greenhouse trials confirmed the 
conclusion of earlier investigators that Peronospora schaehtii 
may hibernate by means of perennial mycelium in the beet crown. 
No adequate control measures are as yet known. Life his­
tory studies and field observations indicate that the use of 
disease-free seed, avoidance of infested fields, and elimina­
tion of infected stecklings are advisable. 
•"86*" 
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